Deoxyribonuclease II (DNAase II) in mammalian cells has generally been considered to be located in the lysosomes. Several recent studies have indicated that some DNAase II activity is present in purified nuclei; this, however, could have been due to some contamination of the nuclear fraction by lysosomes, or alternatively, it could have been caused by specific binding of lysosomal DNAase II to the nuclear fraction during isolation. Our previous studies have eliminated the possibility that lysosomal contamination was the cause of the presence of DNAase II in isolated nuclei. In this study I have purified 14C-labelled lysosomal DNAase II and added it to cells during isolation of their nuclei. This study demonstrates that there is no specific binding oflysosomal DNAase II to the nuclear fraction and concludes that DNAase II activity observed in isolated nuclei represents an intrinsic activity that might be involved in nuclear DNA metabolism. 
Studies of various DNAasest in both bacterial and mammalian cells indicate that some may have an important role in cellular DNA metabolism (DNA repair, DNA recombination, DNA synthesis, DNA degradation) (see reviews by Lehman, 1967 , and by Lesca, 1971) . If so, they are most likely to be present in the nucleus where most of the DNA is located. Indirect support for this hypothesis came from comparative studies of DNAases (Allfrey & Mirsky, 1952; Cordonnier & Bernardi, 1968) , which suggested a correlation between the activity of DNAase II (acid DNAase) and the capacity of certain tissues to divide. By using histochemical methods, Swingle & Cole (1964) detected DNAase II activity in rat liver nuclei directly. Lesca (1968) also demonstrated the enzyme's presence in the nuclear fraction of mouse liver cells. Assaying the nuclear fraction for cytochrome oxidase, which is absent from the nucleus (de Duve et al., 1962) , Lesca (1968) concluded that the nuclear DNAase II activity was not due to lysosomal contamination. We have recently demonstrated the presence of DNAase LI activity in purified calf thymus nuclei by using acid phosphatase as a marker for lysosomal or cytoplasmic contamination of the nuclear fraction (Slor & Lev, 1971) . However, the use ofcytoplasmic enzymes as a measure ofpurity ofthe nuclear fraction cannot eliminate the possibility of preferential binding of cytoplasmic DNAase II to the nuclear DNA during preparation of the nuclei. The purpose of the present work was to test whether the finding of DNAase II activity in the nucleus was due to preferential binding of lysosomal DNAase H to the nuclei during the isolation of the nuclear fraction, or if it represents an intrinsic nuclear DNAase II activity. The basic approach to this problem was to isolate lysosomes from HeLa S3 cells prelabelled with radioactive amino acid to label DNAase II molecules and to purify this enzyme to relatively high purity. An excess of such purified enzyme added to cells during cell disruption, and isolation of their nuclei, should indicate any preferential DNAase H binding to nuclei by following the binding of acidinsoluble radioactivity into the purified nuclei.
Materials and Methods
HeLa S3 cells were grown as monolayers and maintained in equal parts of Eagle's minimum essential medium and M199 medium supplemented with 10% (v/v) calf serum and antibiotics (200i.u. of penicillin/ml and 20i.u. of dihydrostreptomycin/ml) and with 0.5ml of 3 % glutamine/I00ml, as described by Slor et al. (1973) (Teflon pestle) homogenizer. Nuclei were removed by centrifugation at 700g for 10min. The supernatant was centrifuged at lOOOOg for 1 h at 4°C. The pellet was washed with 5ml ofthe same buffer and re-centrifuged again as above. The pellet contained both lysosomes and mitochondria as determined by assaying acid phosphatase (Slor & Lev, 1971 ) as a lysosomal marker and cytochrome oxidase as a mitochondrial marker (Applemans et al., 1955) . Approximately 70% of total cellular acid phosphatase and 80% of cellular cytochrome oxidase were recovered in this fraction. Some preparations had as much as 85 % lysosomal recovery by this procedure. The lysosomes were further purified as follows. The lysosomemitochondria pellet was resuspended in 5ml of 8% sucrose (buffered with 0.05M-potassium phosphate, pH7) and was layered on top of a gradient tube containing layers of4ml each of 30, 25 ,15 and 10% (w/v) sucrose (buffered as above) in a 50ml polycarbonate centrifuge tube. Centrifugation was at 1350g for 120minat4°C. Fractions of 1.6ml were collected from the bottom of the tube (16 fractions). A sample from each tube was sonicated and assayed for both acid phosphatase and cytochrome oxidase activity. The acid phosphatase peak was at tube 10 whereas the cytochrome oxidase peak was at the top of the gradient (tube 16) with a rather long shoulder reaching to fraction 11. The pooled lysosomal fractions (tubes 7-12) contained about 45-70% of total cellular acid phosphatase activity (the yield varied in different preparations) and less than 5 % of the total cellular cytochrome oxidase activity. The purified lysosomal preparation used to purify the "4C-labelled DNAase II came from a preparation with a lysosomal yield of 65%.
To purify the "4C-labelled lysosomal DNAase II the purified lysosomes were sonicated in their sucrose medium and dialysed for 24h against 20 vol. of 0.05 Msodium phosphate buffer, pH 6.5, with one change of dialysis buffer. The retentate was centrifuged for 60min at 15000g at 4°C and the supernatant was applied to a CM-cellulose column (0.9cmxl0cm) that had previously been equilibrated with the dialysis buffer. The column was washed with the same buffer to remove proteins not bound to the resin. No DNAase II came off the column at this step. The enzyme was eluted from the CM-cellulose by a linear gradient of 0.05M-to 0.25M-sodium phosphate buffer, pH6.5. Fractions of 1.5 ml were collected at a flow rate of 20ml/h. Tubes were assayed for DNAase II activity, protein content (by the method of Lowry et al., 1951, with bovine serum albumin as standard) and acid-insoluble 14C (Fig. 1) . Tubes 21-28, which contained most of the DNAase II activity, were pooled (CM-cellulose pool) and (NH4)2SO4 was The column (0.6cmx9cm) was equilibrated with 0.05M-sodium phosphate buffer, pH6.5, and loaded with retentate from 3 x 108 cells containing 25000 DNAase II units with a specific activity of 2.083. The enzyme was eluted by a linear gradient of 0.05M-to 0.25M-sodium phosphate buffer, pH6.5, in a total volume of 60ml. Fractions of 1.5 ml were collected at a flow rate of20ml/h. Sephadex G-75 A column (0.8 cm x 18 cm) was pre-equilibrated with 0.05M-sodium phosphate buffer, pH 6.5, and 0.5ml of the DNAase II [after the 50-75 % (NH4)2SO4 step] was layered on the column and eluted by the same buffer at a flow rate of 20ml/h. Fractions of 1 ml were collected and assayed for DNAase II activity (M), for protein content (o) and for acid-insoluble 14C (A). phosphate buffer, pH6.5, and layered on a Sephadex G-75 column (0.8 cmx 18 cm) equilibrated with the same buffer. The enzyme was eluted with the same buffer (Fig. 2) at a flow rate of 20ml/h. Fractions that contained DNAase II activity were pooled (Sephadex G-75 pool, tubes 5-7) and the specific activity (units/ mg of protein) determined. The specific activity of the enzyme in the pooled fractions was 1.27 x 106 and that of tube 6 was 2.42x 106, 500 and 1000 times higher than that in the crude extract (Table 1) .
Nuclei from [3H]thymidine-labelled cells were prepared in the presence of purified lysosomal 14C-labelled DNAase II. 14C-labelled lysosomal DNAase II (15000 units) was added to 2 x 107 cells (containing a total of 1850 units of DNAase II) suspended in 0.25M-sucrose-0.01 M-Tris-HCl,pH7-0.01 M-MgCl2 (2ml), and homogenized for 2min in a PotterElvehjem homogenizer. The pellet was washed three times with 1 ml of the same buffer and the nuclei were resuspended in 8ml of 2.2M-sucrose-5MM-MgCl2-1 mM-potassium phosphate, pH6.8, and centrifuged in a Beckman Spinco L2 preparative ultracentrifuge at 25000rev./min (approx. 70000g) at 4°C in a No.40 rotor. After 60min the supernatant was carefully removed and the pellet was resuspended in 2ml of 0.25M-sucrose-lmM-MgCI2-2mM-potassium phosphate, pH6.8, and centrifuged at 1200g for 10min at 4°C. The nuclear pellet was then washed for 5 min in 0.14M-NaCl-1 mM-MgCI2-2mM-potassium phosphate, pH6.4, to which was added 0.5% of Triton X-100. This treatment facilitated resuspension of the nuclei. Nuclei were then collected by centrifugation at 1200g as described above and were used for the determination of DNAase II activity and of the acidinsoluble radioactivity of both 3H-labelled DNA and 14C-labelled lysosomal DNAase II. The procedure used for the isolation of the nuclei is a combination of the procedures used by Kapp & Okada (1972) and by Laval & Bouteille (1973) . The latter authors found Table 1 . Purification of 14C-labelled DNAase IHfrom lysosomes ofHeLa S3 cells Detailed procedures of the purification steps are given in the Materials and Methods section. 'CM-cellulose pool' refers to fractions 21-28 eluted between 0.155M-and 0.19M-sodium phosphate buffer, pH 6.5. These fractions contained about 85 % of the total DNAase II activity eluted from this column. 'Sephadex G-75 pool' refers to fractions 5-7 eluted from this column and which contained about 80% of the DNAase II activity eluted. A Blue Dextran marker chromatographed separately on the same column was eluted in tubes 4-8.
Step that this procedure yields a very pure (and biologically active) nuclear preparation and that the detergent (Triton X-100) addition removes the outer nuclear membrane. As pointed out by Holtzman et al. (1966) detergents not only remove the outer nuclear membrane but also decrease the cytoplasmic contamination as a whole.
DNAase II was assayed as described by Slor & Hodes (1970) with the addition of 5mM-EDTA to the reaction mixture. These conditions completely inhibit the activity of DNAase I, which otherwise might be slightly active at the pH of4.5 used for the assay.
Acid-insoluble radioactivity [at a final concentration of 7 % (w/v) cold trichloroacetic acid] was determined on GF/A glass-filter discs (Whatman). Filters were dried to evaporate the trichloroacetic acid and counted for radioactivity in a toluene-based scintillation fluid in a Packard Tri-Carb scintillationspectrometer.
Results
14C-labelled lysosomal DNAase II was added to HeLa S3 cells that were pre-labelled with [3H]thymidine as a measure of the nuclear fraction. The cells were disrupted by homogenization in a PotterElvehjem homogenizer and the nuclei were isolated and purified as described in the Materials and Methods section. To ensure detection of any cytoplasmic DNAase II bound to the nuclear fraction during preparation of nuclei, the amount of purified 14C-labelled lysosomal DNAase II added to the cells during separation of the nuclear and cytoplasmic fractions was about 10 times greater than the enzymic activity in the cells themselves. The purified nuclei were sonicated and the acid-insoluble radioactivity and DNAase II activity were determined (Table 2 ). In this experiment, which was one ofseveral such experiments, we added 15000 DNAase II units with 1.9 xlO51c.p.m. of 14C to HeLa cells having a total of 1850 units ofDNAase IL. The purified nuclear fraction contained 175 DNAase II units (Table 1) , which is approximately 10% of the total nuclear DNAase II. A control preparation of purified nuclei without added 14C-labelled DNAase II had the same enzymic activity as the experimental purified nuclei, indicating that the addition of a great excess of lyso- Table 2 . Separation of nuclear DNAase IHfrom [3H] thymidine-labelled HeLa S3 cells in the presence ofpurified "C-labelled lysosomal DNAase IH The results are the average of two experiments. 14C-labelled purified lysosomal DNAase II (15000 units, 1.9 x 10 c.p.m.) was added to 2 x 107 HeLa S3 cells in 2ml of 0.25M-sucrose-O.OlM-Tris-HCl, pH7-O.OlMMgCl2, and homogenized for 2min in a Potter-Elvehjem homogenizer (step 1). The homogenate was centrifuged at 700g for 10min at 4°C (step 2) and contained mainly nuclei and cell debris. The supernatant (step 3) was discarded. The pellet was washed three more times with the same buffer and the final pellet was resuspended in 8 ml of 2.2M-sucrose-1 mM-potassium phosphate, pH6.8-5mM-MgCI2, and centrifuged in the Spinco L2 (rotor No. 40) at 4°C for 60min. The supernatant was removed and the sediment (step 5) resuspended in 2ml of 0.25 M-sucrose-1 mM-MgCl2-2mM-potassium phosphate, pH6.8, and centrifuged at 1200g for 0min at 4°C. The nuclear pellet was washed with the same solution but the pH ofthe potassium phosphate was 6.4 and it contained 0.5 % ofTriton X-100. Purified nuclei were collected by centrifugation at 1200g for 10min at 4°C (step 6), resuspended in 1 ml of sodium acetate buffer, pH4.5, sonicated for 30s and used to determine DNAase IL activity and acid-insoluble radioactivity of both 3H-labelled DNA and 14C-labelled lysosomal DNAase IL. In the control experiment nuclei were purified from HeLa S3 cells without the addition of "4C-labelled DNAase II before cell homogenization (step 7).
Step (1 (2) (5) Sediment after 2.2M-sucrose step (70000g, 60min) (6) Purified nuclei (after isoosmotic Triton X-100 treatment) (7) Control experiment (purified nuclei after step (6) 
Discussion
The localization of DNAase IL in mammalian cells has been a controversial subject. Among many reports on its cellular localization, Brown et al. (1952) described its presence in the nucleus and Schneider & Hogeboom (1952) and Koemer & Sinsheimer (1957) in the mitochondria. Bowers (1964) and de Duve et al. (1962) described it as an exclusively lysosomal enzyme and discounted the presence of DNAase II in other cell organelles on the grounds that they were contaminated by lysosomes. Lehman (1967) and Lesca (1971) have reviewed some of the arguments for the involvement of DNAases in cell division, DNA synthesis and replication, using examples from bacterial, mammalian and viral-induced DNAases. One would expect to find an enzyme that was directly involved in nuclear DNA metabolism localized in the nucleus. It might be present only in the nucleus, or it might be present in other parts of the cell as well, in which case the same enzyme may play different roles at different locations in the cell.
Although we do not have conclusive evidence that the DNAase II in the nucleus is identical to the lysosomal enzyme, it does have properties in common with it, such asits pH-activitycurve, absence ofdependence on Mg2+ ions, and inhibition by S042-ions and by tRNA.
All experiments on DNAase H (acid DNAase) were performed at pH values between 4.5 and 5.5. However, Slor & Lev (1972) have shown that highly purified acid DNAase can be active at neutral pH, given the appropriate conditions and they suggested that the term 'DNAase II' rather than 'acid DNAase' should be used for this enzyme. In contrast to its activity at acidic pH, DNAase II at neutral pH requires divalent cations for its activity. Thus, many experiments on DNAase I, which is active at neutral pH and requires divalent cations, could have assayed the neutral activity of DNAase II.
Under standard conditions the DNAase II in the nucleus is approximately 10% ofthat of the lysosomal fraction. Some preliminary studies in our laboratory (H. Slor & T. Lev, unpublished work) suggest that the equilibrium between lysosomal and nuclear activities may be altered by agents affecting DNA synthesis. We have also shown that there is a correlation between DNAase II activity and DNA synthesis in synchronized HeLa S3 cells (Slor et al., 1973) . Our experiments suggest that DNAase H activities found in HeLa cell nuclei and probably in other tissues, such as mouse liver nuclei (Swingle & Cole, 1964) , rat liver nuclei (Lesca, 1968) and calf thymus nuclei (Slor & Lev, 1971) , are not due to contamination of the nuclei by lysosomal enzyme but are rather an intrinsic nuclear activity. This finding may support the assumption that DNAase II might be involved in cellular DNA metabolism in a way that is not yet clear. Our current knowledge about DNA metabolism in the cell would support the assumption that specific DNAases participate in DNA repair, in DNA recombination and in DNA replication. DNAases might also be involved in removing missynthesized fragments of DNA during DNA synthesis. Further studies are certainly needed to find out in what capacity nuclear DNAase II is involved in DNA metabolism, if at all.
